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S u m m a r y : Effects of irrigation were studied in a Cabernet Sauvignon vineyard in the Priorat region of Spain, in order to 
determine the effect of sprinkler irrigation on fruit ripening as well as on must and wine composition. The soil water potential was 
measured at different depths and irrigation was started when the soil water potential decreased to -1480 kPa. At this point, moderate 
doses of water (25 Uvine) were added every fortnight during July and August. The yield of the irrigated vines incr~ased by 20%. The 
must obtained from irrigated vines showed higer levels of potassium than that of the non-irrigated vines. Total soluble solids 
increased earlier and more rapidly in irrigated vines. We also found higher levels of malic acid and the total acidity increased in both, 
must and wine. However, tannins and anthocyanins, were lower in wines of irrigated grapevines. The later result is possible due to 
a rainfall which occurred before harvest, since phenolics did not decresase when a similar irrigation was applied in subsequent years. 
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Introduction 
Growth of grapevines often decreases under conditions 
of water deficiency (CHAVES and RoDRIGUES 1987). Plant wa-
ter stress, which mainly occurs in summer during peak 
evapotranspiration periods (PEACOCK et al. 1987), is nor-
mally accompanied by a reduction of the rate of photosyn-
thesis and sugar accumulation and frequently by leaf se-
nescence. As continuous irrigation is normally associated 
with a delay of ripening (BRAVDO et al. 1984; LIGETVARI 
1986), a lower sugar concentration and a lower content of 
total phenols of must (ALJIBURY et al. 1975; GLORIES 1984) 
it appears that a slight water stress occurring during fruit 
ripening might help to get an appropriate level of sugar 
and phenols required for a good red wine quality. Under 
the conditions of extensive viticulture irrigation in moder-
ate doses until veraison has been recommended by MERIAux 
et al. (1979). 
In order to improve wine quality Cabernet Sauvignon 
was recently introduced in the Priorat region. The main 
purpose of this research was to examine the effect of lim-
ited irrigation on must and wine quality of Cabernet 
Sauvignon vines. 
Materials and methods 
Cabernet Sauvignon vines cultivated near the village 
of Gratallops (Priorat region, Spain) were selected for this 
study. According to the Wink1er classification this area is 
situated in region Ill. The texture of the alluvial soil is 
clay-loam (USDA classification). The soil has a basic pH 
and is more than 4 m deep. The average annual rainfall is 
450 mm. The potential and the real evapotranspiration is 
800 and 500 mm, respectively. 
This study was carried out in 1989, with an annual 
rainfall of 350 mm. During the summer, temperature and 
humidity data were registered by a psychrometer placed 
in the middle of the vineyard. The evapotranspiration was 
measured by a U.S. Weather Bureau Class A evaporimeter 
tank that was set up next to the vineyard. The reference 
crop evapotranspiration (ET 
0
) was calculated using equa-
tion (a) and the crop evapotranspiration (ET c) was obtained 
by equation (b): 
(a) ET0 = KP X E..e.an 
(b) ETc= Kc X El0 
where KP is the pan coefficient, Epan' mm of water evapo-
rated per day, and Kc, the crop coefficient. The values of 
the coefficients, KP= 0.6 and Kc= 0.6, were determined 
according to DooRENBOS and PRUITT (1988). 
Two small terraces in the same plot with 330 vines 
each were chosen for this study and the lower one was 
selected for the sprinkling treatment. Cabernet Sauvignon 
plants are grafted to Rupestris du Lot. The density of 
plants/ha is 3300. The trellis system consists of one single 
wire 60 cm from ground level and one double wire at 40 cm 
from the former. Micro sprinklers with fine-mist nozzles 
(DS.8855 Regaber) were placed in the rows every 1.20 m. 
The soil water potential was measured at 20, 40 and 80 cm 
soil depth. Three blocs of tensiometers were placed in each 
plot. 
The sprinkler irrigation schedule, based on the tensi-
ometer measurements, consisted of 5 doses of 25 1 of water 
per vine applied during July and August. Water was pro-
vided when the tensiometer readings were close to 
-1480 kPa. The plot was watered every fortnight start-
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ing at the beginning of July until the last week of Au-
gust. 
Samples of 250 berries were taken during the 3 weeks 
before harvest (0UGH and AMERINE 1988; JrMENEZ 1991). 
Berry samples were crushed with a small hand press and 
the resulting must was centrifuged in order to analyze 
titratable acidity, pH and soluble solids following the OIV 
procedures (1990). 
Cabemet Sauvignon grapes were harvested at the same 
sugar level in both plots, the non-irrigated vines 1 week 
before of the irrigated ones. Three fermentation arrange-
ments were performed with grapes from each plot. so2 
was added to the extracted must and then, a commercial 
yeast strain (p-29 from the Penedes region) was inoculated 
to start the alcoholic fermentation. After 4 d of skin-con-
tact in containers of 20 1 the alcoholic fermentation was 
achieved in laboratory fermenters of 2 1 at 20 °C. The wines 
were analyzed following the OIV methods (1990). Alco-
hol content, extract, ash, total acidity, malic acid, volatile 
acidity, total phenol and nitrogen were determined. 
Anthocyanins and tannins were analyzed following a 
method described by RIBEREAU-GAYON and STONESTREET 
(1965, 1966). The data were analyzed using the analysis 
of variance and the Scheffe test. 
Results and discussion 
W e a t h e r : In 1989 from April to August low 
precipitation and high temperatures in summer led to a 
pronounced water deficiency (Tab. 1). The highest 
evapotranspiration was observed in July corresponding to 
the highest temperatures and the absence of precipitation. 
The evapotranspiration was slightly lower in August and it 
significantly decreased in September. Evapotranspiration 
and temperature progressively decreased during the pe-
riod of grape maturation (PEACOCK et al. 1987; PRIOR and 
GRIEVE 1987; VAN ZYL and VAN HUYSSTEEN 1988). 
Table 1 
Meteorological records 1989 
-----
July Aug. Sep. 
Temperature (0 C) 
mean daily max. 37.1 34.6 28.3 
mean daily min. 21.0 21.5 15.8 
Rainfall (mm) 0 26.0 22.0 
Humidity (day, %) 34 46 53 
Humidity (night, %) 75 83 90 
S o i 1 w ate r p o t e n t i a 1 : The Figure presents the 
soil water potential values from irrigated and non-irrigated 
plots. Most of the values were significantly higher in the 
irrigated plot than in the non-irrigated plot, differences be-
tween the two plots varying between 30 and 50%. In the 
non-irrigated plot the soil water potential at 20 and 40 cm 
of depth reached its lowest value ( -1480 kPa) in the second 
half of July. This value was maintained until the beginning 
of September and then it progressively increased due to a 
rainfall and a distinct decrease of evapotrans-piration. 
The rainfall was not sufficient to increase the soil water 
potential at 80 cm of depth above -1480 kPa. 
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Figure: Soil water potential in summer 1989 at 20, 40, and 80 cm 
depth in irrigated(+) and non-irrigated (0) plots. Data are 
weekly averages ± SE (vertical bars) at p=O.OS. 
F r u i t r i p e n i n g : During ripening the increase 
of sugar and the decrease of acids were delayed in non-
irrigated vines (Tab. 2). As a consequence, the irrigated 
vines were harvested one week before the non-irrigated 
vines. In berries of irrigated vines acidity decreased pro-
gressively until the middle of September to ea. 6.3 g tar-
taric acid/1, whereas in the non-irrigated vines the acidity 
hardly varied until the end of September, when it decreased 
to a value of 6.5. 
Table 2 
Total soluble solids and titratable acidity in berries of irrigated 
and non-irrigated vines. The results are mean data of 3 samples 
each. Values followed by different letters differ at p=O.OS. 
Titratable acidity in g tartaric acid/1 
Date Non-irrigated Irrigated 
0 Brix Acidity OBrix Acidity 
08/21 14.6±0.1a 10.6±0.1a 15.1±0.2b 9.6±0.1b 
08/28 17.9±0.1a 9.7±0.2a 18.6±0.1b . 8.2±0.lb 
09/04 17.7±0.2a 7.1±0.1a 18.2±0.2a 8.2±0.1b 
09/11 18.4±0.2a 8.1±0.2a 18.6±0.2a 6.3±0.1b 
09/19 19.9±0.1a 7.0±0.1a 20.8±0.1b 6.2±0.1b 
09/25 20.8±0.1a 7.5±0.2a 21.0±0.1a 6.8±0.1b 
09/30 21.2 6.5 
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Since climatic factors are known to have an important 
influence on the onset of ripening, the water stress and 
high temperatures in 1989 may be responsible for the de-
lay of ripening. As is shown in Tab. 2, moderate water doses 
supplied during the summer season have advanced fruit 
maturation, possibly by facilitating C02 absorption, sugar 
transport and sugar accumulation in the berry (GARCIA et al. 
1991). 
In order to enable comparisons of wine compositions, 
grapes should be harvested when they have reached the 
same level of sugar (KLIEWER and SCHULTZ 1973; MATTHEWS 
et al. 1990). To obtain wines with ea. 12 % vol. alcohol, 
the vines from both irrigated and non-irrigated plots were 
harvested when the grapes had ea. 200 g/1 sugar. As is il-
lustrated in Tab. 3, the must had a good balance between 
sugar and acid content at this time. 
Table 3 
Yield and must analysis. 
Values followed by different letters differ at p=O.OS. 
(1) g/1 tartaric acid 
non-irrigated irrigated 
Yield (kg/ha) 6270 8580 
Yield (kg/vine) 1.91±0.07 a 2.42±0.05 b 
Yield /pruning weight 1.33±0.07 a 1.41±0.08 a 
Must analyses 
Sugar (g/1) 203±10 a 198±11 a 
Titratable acidity (1) 5.0±0.1 a 5.3±0.2 b 
pH 3.43±0.00 a 3.44±0.00 a 
Potassium (mg/1) 1580±16 a 1845±22 b 
V i n e g r o w t h a n d m u s t a n a 1 y s i s : The 
effect of irrigation on yield and must composition is shown 
in Tab. 3. The yield per ha increased by 37% in the irrigated 
vines. In addition, yield per vine was 26 % higher when 
irrigated. However, no differences were found in the yield/ 
pruning weight ratio, indicating a positive effect of the wa-
ter supply on the vine's vigor. A decrease of berry size and 
drought symptoms were observed in non-irrigated vines. 
These results agree with those obtained by other investiga-
tors (KLIEWER and ScHULTZ 1973; MATTHEWS and ANDERSON 
1989). 
As expected, the sugar level in must was similar in both 
treatments. However, there were small but significative 
differences in titratable acidity, suggesting an increase of 
acidity in the must of irrigated vines. The potassium level 
increased in the must from irrigated vines, whereas the pH 
did not vary. In general, continuous irrigation has been 
found to be associated with an increase of acidity and a 
delay of ripening (MATTHEWS et al. 1990). 
Data in literature on the effect of irrigation on fruit 
growth, fruit ripening, must and wine composition are con-
troversial possibly due to different irrigation managements 
(KLIEWER and ScHULTZ 1973; MATTHEWS et al. 1990; GARCIA 
et al. 1991). 
In this study, differences in acidity were not very large. 
However, the irrigation treatment facilitated sugar acc-
umulation and herewith an earlier ripening. Moreover, the 
increase in yield was not accompanied by a decrease in 
sugar content. 
W i n e a n a 1 y s i s : The results of the chemical 
wine analysis are shown in Tab. 4. Irrigated vines showed 
significantly lower values of ash, total phenols, antho-
cyanins and tannins and higher values of malic acid and 
nitrogen. Frequently, low aroma and flavour are asso-
ciated with Cabernet Sauvignon wines produced in our 
region when the alcohol reaches ea. 13 degrees (NADAL 
1993). 
Table 4 
Wine analysis. 
Values followed by different letters differ at p=0.05. 
(I) g/1 tartaric acid; (2) g/1 acetic acid; (3) mg/1 gallic acid 
non-irrigated irrigated 
Alcohol (% vol) 10.8±0.02 a 10.6±0.02 b 
Extract (g/1) 31.2±0.40 a 30.7±0.30 a 
Ash (g/1) 4.1±0.06 a 3.0±0.05 b 
Titratable acidity (1) 6.8±0.09 a 6.5±0.07 b 
Malic acid (g/1) 1.6±0.03 a 1.8±0.03 b 
Volatile acidity (2) 0.35±0.03 a 0.27±0.01 a 
Total phenols (3) 1321±30 a 1031±35 b 
Tannin (mg/1) 2460±10 a 1850±13 b 
Anthocyanin (mg/1) 615±50 a 497±24 b 
Total nitrogen (mg/1) 115±5.7 a 158±8.8 b 
The high malic acid concentration in wines from the 
irrigated vines was associated with a high level of potas-
sium in the must (see Tab. 3). This is in accordance with 
KLIEWER and SCHULTZ (1973) and HEPNER and BRAVDO (1985). 
The increase of potassium is probably due to an improve-
ment of the uptake and transport to the berries as has been 
previously reported (BRAVDO et al. 1984; HEPNER and BRAVDO 
1985). BouLTON ( 1980) found a relationship between malate 
synthesis and potassium uptake. He reported that the addi-
tional malic acid synthesis may occur due to berry enlarge-
ment with an exchange of protons for potassium. 
Total phenols decreased by 22% in wines produced 
from irrigated vines. KLIEWER and SCHULTZ (1973) and 
LIGETVARI (1986) have reported decreases of the total phe-
nol content associated with an increase of crop level by dif-
ferent irrigation treatments . Since in our study the last irri-
gation was applied ea. 4 weeks before harvest, September 
rainfall might have contributed to this decrease. 
Water stress and high temperatures have a strong in-
fluence on the synthesis of phenolics due to a reduction of 
photosynthesis (GurLLOUX 1981 ). In addition, high tempera-
tures inhibit phenylalanine ammonia-lyase activity 
(RouBELAKIS and KLIEWER 1986). Therefore, the increase 
of yield/ha by irrigation as well as the climatic conditions 
affecting the water status in vines, may have caused the 
decrease of the phenolic compounds (MATTHEWS and 
ANDERSON 1989). 
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Conclusions 
Our results indicate that moderate in·igation during July 
and August, when water stress is more severe, can be ben-
eficial for vine growth and wine quality. 
Acknowledgements 
The autors wish to thank the landowners Mr. J. L. PEREZ and 
Mrs. M. OvEJERO for their technical assistance in the assessment 
of the irrigation system, and Mr. J. REIG and Mrs. P. SANCHEZ-
CASAS for their helpful comments on the paper. 
Literature cited 
AUIBURY, F. K.; BREWER, R.; CHRISTENSEN, P.; KASIMATIS,A. N.; 1975: Grape 
response to cooling with sprinklers. Amer. J. Enol. Viticult. 26, 214-
217. 
BouLTON, R.; 1980: A hypothesis for the presence, activity, and role of 
potassium/ hydrogen, adenosine triphosphatases in grapevines. Amer. 
J. Enol. Viticult. 31, 283-287. 
BRAVDO, B.; HEPNER, Y.; LoiNGER, S.; CoHEN, S., TABACKMAN, H; 1984: Effet 
de I' irrigation et de I' alimentation minerale sur la qualite du m out et 
des vins. Bull. O.l.V. 57, 729-739. 
CHAVES, M; RoDRIGUES, M.; 1987: Photosynthesis and water relations of 
grapevines growing in Portugal. Response to environmental factors. 
In: TENHUNEN, J. D.; CATARINO, F. M.; LANGE, 0. L.; 0ECHEL, W. C. 
(Eds.): Plant Response to Stress. Functional Analysis in Mediterra-
nean Ecosystems. Nato ASI Series, 379-390. Springer Verlag, Berlin. 
DooRENBOS, M.; PRUITT, W. 0.; 1988: Las necesidades de agua de Ios 
cultivos. F.A.O. 
GARCIA, D.; SANTAMARIA, P.; L6PEZ, R.; PALACJOS, I: 1991: Aplicaci6n de 
dosis moderadas de agua en el proceso de maduraci6n del cv. 
Tempranillo en Rioja. Vitivinicultura 2 (I), 30-34. 
GLORIES, Y.; 1984: La couleur des vins rouges II. Mesure, origine et inter-
pretation. Conn. Vigne Vin 18 (4), 253-271. 
GuJLwux, M.; 1981 : Influence des facteurs nature Is sur la matiere colorante 
des raisins au cours de la maturation. Actualites ffinologiques et 
Viticoles, Dunod, Paris. 62-67. 
HEPNER, Y.; BRAvoo, B.; 1985: Effect of crop level and drip irrigation sched-
uling on the potassium status of Cabemet Sauvignon and Carignane 
vines and its' influence on must and wine composition and quality. 
Amer. J. Enol. Viticult. 36, 140-147. 
JrMENEZ, J.; 1991: Tamaiio de la muestra para el seguimi-ento de la 
maduraci6n de la vid (Vitis vinifera L.) en !as cv. Cencibel y Cabemet 
Sauvignon. Vitivinicultura 4, 60-64. 
KLIEWER, W. M.; ScHULTZ, H. R.; 1973: Effect of sprinkler cooling of grape-
vines on fruit growth and composition. Amer. J. Enol. Viticult. 24, 
17-26. 
LrGETVARI. L.; 1986: Irrigation may improve wine quality. Australian 
Grapegrower and Winemaker 271, 20-23. 
MATTHEWS, M.A., ANDERSON, M. M.; 1989: Reproductive development in 
grape (Vitis vinifera L.): Responses to seasonal water deficits. Amer. 
J. Enol. Viticult. 40, 52-60. 
- -; RrE Ismr, ANDERSON, M. M.; O'MAHONY, M.; 1990: Dependence of wine 
sensory attributes on vine water status. J. Sci. Food Agricult. 51, 321-
335. 
MERIAUX, S.; RoLLIN, H.; RoTTEN, P.; 1979: Effets de la secheresse sur la 
vigne. I Etudes sur Cabemet Sauvig-non. Ann. Agron. 30 (6), 553-
575. 
NADAL, M.; 1993: Study of the ecological factors and ripening conditions 
of the Cabemet Sauvignon to obtain premium wines in the Priorato 
region (Catalonia, Spain). Doctoral thesis. Facultat de Biologia, Univ. 
Barcelona. 
N. N.; 1990: Recueil des Methodes Intemationales d' Analyse des Vins et 
des Mouts, OIV, Paris. 
OuGH, C. S.; AMERINE, M. A.; 1988: Methods for Analysis of Musts and 
Wines. Whiley-Interscience Publication, New York. 
PEACOCK, W.; CHRISTENSEN, P.; ANDRIS, H.; 1987: Development of a drip 
irrigation schedule for average-canopy vineyards in the San J oaquin 
Valley. Amer. J. Enol. Viticult. 38, 113-119. 
PruoR, L.; GRIEVE, A.; 1987: Water use and irrigation requirements of grape-
vines. Proc. 6th Austr. Wine Ind. Techn. Conf., July 14-17, 1986. 
Adelaide, Australia, 165-168. 
RIBEREAU-GAYON, P.; STONESTREET, E.; 1965: Le dosage des anthocyans dans 
le vin rouge. Bull. Soc. Chim. 9, 2649-51. 
- -;- -; 1966: Le dosage des tannins du vin rouge et determination de leur 
structure. Chim. Anal. 48, 188-192. 
RouBELAKIS, K.; KLIEWER, M.; 1986: Effects of exogenous factors on 
phenylalanine ammonia-lyase activity and accumulation of antho-
cyans and total phenolics in grape berries. Amer. J. Enol. Viticult. 37, 
275-281. 
ZYL, J. VAN; HUYSSTEEN, L. VAN; 1988: Irrigation systems- their role in 
water requirements and the performance of grapevines. S. Afr. J. Enol. 
Viticult. 9, 3-8. 
Received January 27, 1995 
